Understanding links between a cell's response to DNA damage and cell division has important implications for the development and application of antimicrobial agents. DNA damage inhibits cell division in most cells. In bacteria, this commonly occurs through derepression of the cell division inhibitor SulA via the LexA-mediated SOS response (4) . Since many antibiotics target cell division, it is important to note that cell division inhibitors have been shown to induce the SOS system, which is characteristically activated by DNA damage (12, 15) . Unfortunately, SOS induction can increase development of antibiotic resistance (for a review, see reference 9).
Antibiotics that target cell wall synthesis are widely utilized, and identification of agents that interfere with peptidoglycan recycling is a recent focus for drug development (5, 8, 17) . For example, efforts are under way to identify Mpl substrate analogues that could target the Mpl recycling enzyme, UDP-N-acetylmuramate: L-alanyl-gamma-D-glutamyl-meso-diaminopimelate ligase (murein peptide ligase), since an mpl-deficient mutant of Acinetobacter baylyi strain ADP1 has increased susceptibility to ␤-lactam antibiotics (5, 8) . Furthermore, Escherichia coli mpl mutants do not show increased susceptibility to ␤-lactamases, so Mpl is a potential target for species-specific antibacterial compounds (5). Although A. baylyi is not a pathogen, it serves as an important model system since it is especially amenable to genetic studies (18) and is related to the important opportunistic pathogen Acinetobacter baumannii (16) .
Efforts to develop antibacterial compounds that compromise cell wall integrity should consider the potential impact of activating the cell's response to DNA damage since an SOS-like response could have the undesirable effect of increasing the rate of evolution of drug resistance. Here we report that in addition to sensitivity to ␤-lactam antibiotics (5), a mutation in mpl in strain ADP1 also confers sensitivity to DNA damage.
The response of ADP1 to DNA damage has been partially characterized (2, 6, 7, 10, 13) , and it is known that in strain ADP1 cell division is inhibited in response to DNA damage (2, 7) . To better understand the response of ADP1 to DNA damage, we created a mutant library and isolated a clone that was sensitive to the alkylating agent mitomycin C (MMC).
In order to construct the mutant library, chromosomal DNA from strain ADP1 was digested with SalI and ligated with SalI-digested pKOK6 (14) . pKOK6 contains a kanamycin resistance gene on a SalI fragment and the pMB1 origin of replication, which does not support replication in ADP1 (11) . The ligation mixture was used to transform naturally competent ADP1 cells (6) . Kanamycin-resistant (Km r ) recombinants were selected and then screened on plates containing MMC (2 g/ml). A Km r derivative that does not form visible colonies on solid media supplemented with MMC was isolated and designated AGC7. For these studies, AGC7 was grown at 37°C and maintained on L agar plates containing 12.5 g/ml kanamycin.
An XbaI restriction fragment containing the Km r SalI fragment flanked by 6,019 bp of ADP1 DNA was isolated from strain AGC7. Chromosomal DNA isolated from AGC7 was digested with XbaI and ligated to similarly digested pUC19-derived, ampicillin-resistant vector DNA (14) . The ligation mixture was used to transform competent E. coli strain DH5␣ cells purchased from Invitrogen Corporation and used according to the manufacturer's directions. Recombinants were selected on medium containing ampicillin (100 g/ml) and kanamycin (25 g/ml). Restriction analysis was used to show that a plasmid isolated from a recombinant contained the expected XbaI fragment within the vector. This plasmid was designated pGP7-1. Sequence analysis of pGP7-1 DNA indicated that the pKOK6 SalI fragment is a simple insertion at position 3578437 of the ADP1 genome and resides in the open reading frame (ORF) designated mpl (1) such that the insertion follows the first 114 nucleotides of the predicted ORF and first 38 amino acids of the predicted polypeptide.
To further explore the sensitivity of AGC7 to MMC, cells were grown overnight and then diluted 1:200 in fresh L broth containing various concentrations of MMC. The cultures were grown overnight. Then appropriate dilutions were spotted onto L agar plates, and levels of survival were calculated (Fig. 1A) . Over the range of MMC concentrations tested, there was a minimal effect on ADP1 survival. AGC7 showed significant sensitivity to MMC, including less than 0.2% survival with 0.5 mmol MMC. It is possible that a deficiency in Mpl could affect cell wall structure, so we examined the sensitivity of AGC7 to UV since mutagenic activity would not be dependent on chemical transport across the cell wall. Overnight cultures of AGC7, ADP1, and the recA-deficient mutant ADP197 (6) were diluted, plated onto L agar, exposed to the indicated doses of UV in a Stratagene UV Stratalinker 1800 in the dark, and then incubated in dark containers. AGC7 showed significantly greater sensitivity to UV than ADP1 at all levels tested, yet it was less sensitive than ADP197 (Fig. 1B) . It is not surprising that the mpl-deficient strain AGC7 was less sensitive to UV than the recA-deficient strain ADP197 due to the essential role of RecA in DNA repair and recombination (6) .
Since the ADP1 mpl gene is the first of three predicted ORFs (1) and the pKOK6 mutagenic fragment contains a transcriptional stop (11), we examined the possibility that the AGC7 phenotype could be a polar effect. For this experiment, we used ADP1-derived mutants containing the following knockouts of the adjacent ORFs: upstream knockout ACAID3662 and downstream knockouts ACAID3665 and ACAID3666 (2a) . Each knockout mutant carries a single deletion in the designated ORF that was created using a PCR-generated DNA fragment with the ORF deleted and replaced by a cassette containing selectable markers. Each of the three predicted ORFs is a homologue of a previously reported gene with an unknown function (1). The levels of survival of the knockout mutants were comparable to each other and to the level of survival of ADP1 after treatment with 100 J/m 2 UV, as shown in Fig. 1 . Furthermore, we confirmed that the AGC7 phenotype is a direct consequence of the mpl mutation. The ampicillin-resistant plasmid containing the Km r pKOK6-derived fragment isolated from AGC7, pGP7-1, was digested with XbaI and used to naturally transform ADP1 cells. A Km r transformant that was also ampicillin sensitive (indicating replacement recombination) was confirmed to be sensitive to UV at a level similar to the AGC7 level (5% survival with 100 J/m 2 ). While the sensitivity of AGC7 could be due to a physical disturbance of the cell wall that facilitates both the transport of MMC and the penetration of UV, we must also consider the possibility that altering the cell wall composition directly affected the response to DNA damage. Although there is some support for a relationship between cell wall integrity and the SOS system (for a review, see reference 3), other than genes encoding transport proteins, no E. coli genes involved in cell envelope synthesis have been found to be involved in the response to DNA damage. However, Lactococcus lactis cells deficient in the dltD gene involved in cell wall teichoic acid synthesis or the gerC gene involved in cell membrane isoprene synthesis are sensitive to UV and MMC (3) . Future studies will examine the effect of the mpl mutation on the expression of recA and ddrR, the only DNA damage-inducible genes identified in ADP1 so far (7, 13) .
